Abstract: Several recent studies have shown that essential hypertension is associated with increased oxidative stress, which may cause hypertension via enhanced oxidation and inactivation of nitric oxide. In this study, we investigated the malondialdehyde, nitric oxide, and glutathione levels in newly diagnosed essential hypertensive patients and whether or not there was any effect of antihypertensive treatment with angiotensin II type 1 receptor antagonist, losartan or angiotensin converting enzyme inhibitor, enalapril on plasma malondialdehyde, nitric oxide, and glutathione values. We selected 17 patients (F/M: 10/7, mean age: 46.12Ϯ9.2 years) for enalapril therapy (10-20 mg/d) and 14 patients (F/M: 8/6, mean age: 47.7Ϯ7.5 years) for losartan therapy (50-100 mg/d), and compared them with 12 normotensive controls. At the beginning of the study, both treated groups showed significantly higher plasma malondialdehyde and lower glutathione and nitric oxide in exhaled air compared to the control group. After 9 weeks of enalapril and losartan treatment, both systolic and diastolic pressure were significantly reduced. Both enalapril and losartan produced a significant decrease in plasma malondialdehyde and a significant increase in plasma glutathione levels and nitric oxide in exhaled air after 9 weeks. Initial values of plasma nitrate levels in patient groups were similar to the control group and increased significantly after the treatment period. In conclusion, both losartan and enalapril may be regulators between oxidant stress and the antioxidant system. [Japanese Journal of Physiology, 52, [435] [436] [437] [438] [439] [440] 2002] wall [3] . Moreover, when NO reacts with molecular oxygen, nitrogen dioxide (NO 2 ) is produced and this initiates lipid peroxidation. Lipid peroxidation has been found to produce unsaturated aldehydes, malondialdehyde (MDA), and other metabolites which are cytotoxic and mutagenic products [5] . These metabolites are capable of inactivating many cellular proteins by forming protein cross-linkages [5] . The levels of free radical scavengers such as vitamin E, glutathione (GSH), and superoxide dismutases (SOD) have also been reported to be depressed in hypertensive patients [6, 7] . In recent years, different types of antioxidant interventions have been reported. Some of them included oestradiol therapy, vitamin E or C application, SOD analogues, nitric oxide synthase (NOS), and SOD gene transfer, beta blocker therapy such as carvedilol, nebivolol, and renin-angiotensin system (RAS) inhibition therapy [1] . Especially, angiotensinconverting enzyme (ACE) inhibitors have been shown to improve endothelium-dependent vasodilation in hypertensive rats and humans [1] . The studies about the effects of angiotensin II type 1 (AT1) receptor antagonists on oxidant status in hypertensive patients are insufficient. We aimed to determine the effects of an ACE inhibitor (enalapril) and AT1 receptor antagonist (losartan) on MDA levels, which is the last toxic product of lipid peroxydation, and on antioxidant capacity such as GSH as well as NO levels in patients with essential hypertension and make a comparison with normotensive controls.
PATIENTS AND METHODS
Patients. Thirty-one patients with grade 1, 2 or 3 essential hypertension according to Joint National Committee VI classification were included in our study. They were not treated with any antihypertensive medication prior to the study. The physical examinations, blood and urine laboratory analysis, abdominal ultrasounds, and standard electrocardiograms were conducted before antihypertensive therapy. Patients with essential hypertension were divided into two groups. Patients for each group were selected at random. The first group, consisting of 17 patients, was treated with ACE inhibitor (enalapril, 10-20 mg/d), and the second group, consisting of 14 patients, was treated with AT1 receptor antagonist (losartan, 50-100 mg/d) for 9 weeks. Both groups were on a salt-restricted diet. The control group consisted of 12 healthy normotensive subjects matched for age and sex and did not receive any treatment. There was no history of alcohol or tobacco use in both control and patient groups. All patients and healthy controls gave informed consent. Some characteristics of the control and patient groups before treatment are given in Table  1 .
Patients with diabetes mellitus, chronic liver or renal disease, congestive heart failure, cerebrovascular or coronary artery disease, cardiomyopathy, or creatinine clearance higher than 140 ml/min and proteinuria higher than 150 mg/24 h were not included. The routine blood and urine laboratory analysis, arterial blood pressure measurements, levels of plasma nitrate, NO in exhaled air, plasma MDA, and GSH were determined at baseline and at the end of the 9th week of enalapril and losartan therapies. Blood samples were obtained in the morning after overnight fasting and the analysis of NO in exhaled air was performed simultaneously in both groups.
Methods.
Preparations of the plasma samples. Five milliliters of blood was drawn into a test tube with ethylenediaminetetra-acetate (EDTA) via vacutainer from the right antecubital fossa of each patient. The plasma samples were placed in Eppendorf tubes and stored at Ϫ20°C for the analysis of nitrate, MDA, and glutathione.
The measurement of NO in exhaled air. The measurements of NO in the environmental air and in exhaled air were done using a Sievers 280 model NO analyzer.
The measurement of nitrate. A modification of the method described by Bramen and Hendrix was used [8] . The containers were washed using deionized water and then dryed. A mixture of 500 l plasma and 1,000 l ethanol at 0°C (for protein denaturation) in a microcentrifugation tube was vortexed for 30 s and then centrifuged at 4°C and ϳ14,000 rpm for 5 min. A 10-l sample was taken from the supernatant and the nitrate level was measured using a Sievers 280 model NO analyzer.
The measurement of MDA. The method described by Kurtel et al. [9] was used. One milliliter of thiobarbituric acid/trichloracetic acid/hydrochloric acid was added to 500 l plasma in a microcentrifugation tube and then vortexed for 30 s. The mixture was centrifuged at 10,000 rpm for 5 min and the supernatant was placed into a glass tube. Ten microliters of butylated hydroxytoluene was added to this mixture and boiled for 15 min. The sample was evaluated in comparison with distilled water at 532 nm in a spectrophotometer, and the MDA level was calculated using the following formula: Plasma MDAϭadsorbanceϫ 19.2 nmol MDA/ml plasma.
The measurement of GSH. The method described by Kurtel was used [9] . Plasma (500 l), 1 ml hydrochloric acid/Na dodesil sulfate/EDTA (pHϭ8.2), and 50 l of 1 mM 5-aminosalysilate (for inhibition of glutathione oxidation) were placed in a microcentrifugation tube and centrifuged at 25°C and 12,000 rpm for 5 min. Ditionitrobenzoic acid (0.3 mM) was added into the supernatant and the glass tube was kept at 37°C for 20 min. The sample was read at 412 nm in a spectrophotometer, and the GSH level was calculated using the following formula: Plasma glutathioneϭ 3.18ϫadsorbance/0.0136 nmol/ml.
Statistical methods.
Results are expressed as meansϮSD. To determine the significance between different groups, one-way analysis of variance was performed followed by the Tukey post hoc test. Paired Student's t-test was used to compare the differences from baseline within each group. A p value Ͻ0.05 was considered to be significant.
RESULTS
Baseline mean systolic (SBP) and diastolic blood pressures (DBP) were 160.3Ϯ15.8 and 101.2Ϯ5.7 mmHg in the enalapril group, 154.6Ϯ10.4 and 101.4Ϯ8.4 mmHg in the losartan group, and 117.1Ϯ 6.8 and 77.5Ϯ4.5 mmHg in the control group. After 9 weeks of antihypertensive therapy, SBP and DBP were 129.1Ϯ7.7 and 76.5Ϯ5.5 mmHg, respectively, in the enalapril group and 130.7Ϯ4.7 and 79.6Ϯ4.9 mmHg, respectively, in the losartan group. DBP levels in both treatment groups were similar to those of the control group (pϾ0.05). SBP levels in both treatment groups were higher than those of the control group, but remained within normal limits (Fig. 1) .
NO levels in exhaled air from essential hypertensive patients without treatment were significantly lower than those of the control group (pϽ0.05), but it increased significantly following antihypertensive treatment in both treatment groups. However, NO levels in exhaled air from the two treatment groups were still significantly lower than the control. Before therapy, plasma nitrate levels were not different between groups (pϾ0.05). However, after 9 weeks of treatment with ACE inhibitor and AT1 receptor antagonist, the mean plasma nitrate level of hypertensive patients increased significantly to 24.6Ϯ8.6 M in the enalapril group (pϭ0.03 vs. control) and 22.5Ϯ10.5 M in the losartan group (pϾ0.05 vs. control and enalapril group) ( Table 2) .
In essential hypertensive patients, the mean plasma MDA level, a product of lipid peroxidation, was found to be higher than that of the control group ( pϭ0.01). However, the mean plasma MDA level decreased from 4.3Ϯ1.6 to 2.39Ϯ0.6 nmol/ml with ACE inhibitor therapy and from 3.8Ϯ1.3 to 2.8Ϯ1 nmol/ml with AT1 receptor antagonist therapy. The mean level of MDA after treatment in both treatment groups was similar to that of the control group (pϾ0.05). Plasma GSH levels, as a major component of the antioxidant system, were also measured before and after treatment. The hypertensive group had low mean plasma GSH level at baseline, but this increased significantly following antihypertensive therapy. After 9 weeks, mean plasma GSH levels in both treatment groups did not differ from that of the control group (pϾ0.05). The increase in mean GSH level was more evident in the losartan group, but this increase was not statistically different from that of the enalapril group (pϭ0.6) ( Table 2) .
DISCUSSION
Plasma MDA level, an index of lipid peroxidation, GSH, a component of the antioxidant system in essential hypertensive patients, and the effects of therapy with enalapril and losartan on these levels were examined in this study. NO in exhaled air and plasma nitrate levels were also examined in the same population as well as control subjects. The mean SBP and DBP decreased to within normal ranges with both ACE inhibitor and AT1 receptor antagonist therapy. Mean plasma MDA level was significantly higher and the GSH level was significantly lower in the essential hypertensive patients as compared to the control group before therapy, and plasma MDA decreased and GSH increased with both enalapril and losartan therapy. The increase in mean GSH level was more evident in the losartan group, but this increase was not statistically different from that in the enalapril-treated group. Plasma nitrate and NO in exhaled air also increased following both two treatment types. In several recent studies, an increase in ROS has been demonstrated in patients with various hypertensive disorders [7, [10] [11] [12] [13] [14] , in rats with cyclosporine-induced hypertension [15] , in spontaneously hypertensive rats [16] , in Dahl-sensitive rats [17] , and in women with preeclampsia [18] . It has been suggested that oxidative stress may contribute to the generation and maintenance of hypertension via the inactivation of NO by ROS, the nonenzymatic generation of vasoconstrictive prostaglandine-like compounds called isoprostanes (F 2 -isoprostane and E 2 -isoprostane) from arachidonic acid peroxidation and direct vasopressor action [19, 20] . High blood pressure alters normal tissue oxygenation and leads to relative tissue hypoxia.
Hypoxia, itself, activates xanthine oxidase, which acts as a primary source of the O 2 Ϫ · , H 2 O 2 · , and HO Ϫ · radicals as the end product. The last one may initiate the lipid peroxidation process and lead to an increase in MDA production [21] . Russo et al. demonstrated that essential hypertensive patients had higher MDA and GSH peroxidase activities and lower SOD activities, vitamin A and E levels, and Cu concentrations compared to the controls, and suggested that oxidative stress is important in the pathogenesis of essential hypertension or in the arterial damage related to essential hypertension [13] . In human and animal models, it has been believed that an imbalance between the production of reactive oxygen species and the antioxidant defence mechanisms may contribute to the pathogenesis of hypertension and its complications [11, 12, 22] . However it is unclear whether or not oxidative stress is the cause or the consequence of hypertension.
In this study, we found an increase in mean plasma GSH level, a decrease in mean plasma MDA level, and a significant increase in mean NO level, as shown in plasma and exhaled air, in hypertensive patients following the normalization of SBP and DBP with enalapril and losartan. This suggests that both enalapril and losartan may prevent oxidative stress in hypertensive patients by inhibiting lipid peroxidation. Even though we were unable to examine the other free radicals such as O 2 Ϫ · , OH · , and H 2 O 2 · , we believe that antihypertensive therapy could also reduce them.
It has been reported that angiotensin II (Ang II) increases O 2 Ϫ · in cultured vascular smooth muscle cells, human vascular endothelial cells (HVECs), and in the rat vascular ring mediated by AT1 receptors. In addition, it has been demonstrated that this effect could be eliminated by losartan [23] [24] [25] . The role of Ang II type 2 (AT2) receptors has not been known in free radical formation. Zhang had demonstrated that Ang II-induced O 2 Ϫ · generation in HVECs is mediated by both AT1 and AT2 receptors [23] . However, in contrast to the AT1 receptor, the signal transduction cascade in response to Ang II-induced AT2 receptor possibly induces activation of the antioxidant system such a GSH activity [23] . After blockage of AT1 receptors by losartan-like drugs, the excess Ang II remains in the plasma and various tissues where some amount bounds to AT2 receptors. Recent data suggests that this receptor may have antiproliferative and antioxidant effects, and may contribute to the antiatherosclerotic effect of losartan [26] . In this study, we didn't examine the mechanisms of free radical formation after stimulation of both angiotensin receptor subtypes by Ang II. Further studies are necessary to explain the effects of AT2 receptor stimulation on oxida-tive stress and the antioxidant defence system. In our study, we couldn't find any significant difference between the effect of losartan and enalapril on plasma nitrate, NO in exhaled air, MDA and GSH levels. Considering the plasma oxidant and antioxidant systems in the study group, AT1 receptor antagonist does not seem to be more effective than ACE inhibitor. Our data is not sufficient to conclude that AT2 receptor stimulation secondary to AT1 blockage by various drugs may be beneficial for essential hypertensive patients.
Under pathologic conditions, stimulated O 2 Ϫ · production may contribute to the inhibition of prostacyclin formation, accelerated breakdown of NO, a known potent vasodilator and inhibitor platelet aggregation, and increased oxidative modification of lowdensity lypoprotein (LDL) to oxidized LDL. Therefore, it may also be involved in atherosclerotic events [23] . ACE inhibitors and Ang II receptor antagonists have been found to attenuate atherosclerotic events by inhibiting O 2 Ϫ · production from vascular cells [23] . Therefore, they may be accepted as causative antiatherosclerotic agents since they act as a kind of "antioxidant" due to altering Ang II synthesis or blockading the Ang II receptor, thus causing a decrease of O 2 Ϫ · release in the circulation [23, 26] . Hayek et al. demonstrated that both fosinopril and losartan therapy inhibited LDL oxidation and attenuated atherosclerosis, independent of lowering blood pressure in apolipoprotein E-deficient mice. Direct inhibition of Ang II action in the arterial wall may be responsible for these results [26] .
The physiologic response to increased shear stress and cyclic strain in hypertension is to upregulate NOS activity in endothelial cells. This activity is a homeostatic adaptation [27] . However, enhanced degradation of NO by increasing ROS along with reducing NO bioviability in the vascular wall have also been demonstraeted. In some studies, it has been shown that plasma NO levels increased with ACE inhibitor [4, 28, 29] as well as calcium channel blocker therapy [30] . In our study, NO levels in the exhaled air of hypertensive patients rose after treatment, but it is not clear whether or not this increase was due to endogenous NO production. However, we suggest that the increase of plasma nitrate concentrations after treatment with these two different drugs may improve vascular endothelial function together with an increase in GSH and decrease in MDA levels.
In conclusion, we detected a high oxidant stress, low antioxidant and NO activities in patients with essential hypertension. Both enalapril and losartan therapies improved not only the blood pressure, but also the imbalance between the oxidant and antioxidant systems. Similarly, improved plasma NO activity may help to restore NO-related endothelial functions. We may speculate that the ACE inhibitors and AT1 receptor antagonists, which lead to an increase in NO production and scavenge free radicals, may help to protect patients from the severe complications of hypertension.
